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OBJECf IVE — Ketosis-prone atypical diabetes (KPD) is a subtype of diabetes in which the 
pathophysiology is yet to be unraveled. The aim of this study was to characterize P- and a-cell 
functions in Africans with KPD during remission. 

RESEARCH DESIGN AND METHODS— We characterized ^- and a-cell functions in 
Africans with KPD during remission. The cohort comprised 15 sub-Saharan Africans who had 
been insulin-free for a median of 6 months. Patients in remission were in good glycemic control 
(near-normoglycemic) and compared with 15 nondiabetic control subjects matched for age, sex, 
ethnicity, and BMI. Plasma insulin, C-peptide, and glucagon concentrations were measured in 
response to oral and intravenous glucose and to combined intravenous arginine and glucose. 
Early msulm secretion was measured during a 75-g oral glucose tolerance test. Insulin secretion 
rate and glucagon were assessed m response to intravenous glucose ramping. 

RESULTS — Early insulin secretion and maximal insulin secretion rate were lower in patients 
compared with control participants. In response to combined arginine and glucose stimulation, 
maximal insulin response was reduced. Glucagon suppression was also decreased in response to 
oral and intravenous glucose but not in response to arginine and insulin, 

CONCLUSIONS — Patients with KPD in protracted near-normoglycemic remission have im- 
paired insulin response to oral and intravenous glucose and to arginine, as well as impaired 
glucagon suppression. Our results suggest that p- and a-cell dysfunctions both contribute to the 
pathophysiology of KPD. 



Ketosis-prone atypical diabetes (KPD) 
is a frequent specific subtype of 
diabetes in African Americans and 
sub-Saharan Africans (1-3). Patients with 
KPD present at onset with acute hypergly- 
cemia and ketosis or ketoacidosis owing 
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to an insuUn secretory deficiency, but au- 
toimmune markers against islet (3-cells 
are absent (4-6). A prolonged insulin- 
free near-nonnoglycemic remission phase 
frequently follows the acute phase after in- 
sulin treatment and is associated with a 



significant recovery of the insulin secre- 
tory function (4,7,8). These observations 
have suggested that the blunting in insu- 
lin secretion at disease onset may be due 
to a functional disorder of (3-cells rather 
than to cell destruction. We previously 
hypothesized that KPD is a subtype of 
type 2 diabetes with acute onset at diag- 
nosis as the result of an environmental 
triggering factor, such as a viral infection, 
that severely impairs glucose-stimulated 
insulin secretion and favors ketogenesis 
(9). KPD patients display insulin resistance 
at the level of muscles, liver, and adipose 
tissue during remission (10). However, 
maximal insulin secretory capacity and sur- 
rogates of a-cell mass have not been eval- 
uated, and whether a-cell dysfunction also 
contributes to the pathophysiology of KPD, 
as described in type 2 diabetes (11-14) is 
not known. 

In the current study, we therefore 
measured early insulin secretion in re- 
sponse to oral glucose, dose-response 
insulin secretion to intravenous glucose, 
and maximum secretory response to ar- 
ginine combined with glucose (glucose 
potentiation of arginine-induced insulin 
secretion) in Africans with KPD during 
near-normoglycemic remission com- 
pared with control subjects of the same 
ethnic background. Function of a-cells 
was assessed by measuring glucagon in 
response to glucose, insulin, and arginine. 

RESEARCH DESIGN AND 
METHODS 

Subjects 

The study was undertaken at the clinical 
investigation center of Saint-Louis Uni- 
versity Hospital, Paris, France. We stud- 
ied 15 subjects of sub-Saharan African 
origin with KPD, who were in insulin-free 
remission, and 15 healthy control sub- 
jects from the same geographic origin 
with normal glucose tolerance. All partic- 
ipants were born in Africa, all four grand- 
parents were from West or Central Africa, 
and participants had migrated to France 
as adults. KPD was defined as new-onset 
diabetes without precipitating illness (in- 
fection, stress), with the presence of strong 
ketosis (urine ketones >80 mg/dL) or 
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diabetic ketoacidosis, and in the absence of 
islet cell and GAD 65 antibodies, as previ- 
ously described (7). All patients had been 
diagnosed, had received insulin treatment 
at diagnosis, and were followed up in the 
Department of Diabetes and Endocrinol- 
ogy of our hospital. Insulin-free remission 
was defined as maintenance of an HbAic 
level ^7.0% at least 3 months apart after 
withdrawal of exogenous insulin treat- 
ment. Healthy control subjects were re- 
cruited by advertisement, were matched 
to patients for age, sex, and BMI, and 
were free of known family history of type 
2 diabetes in first-degree relatives. 

Participants were eligible if they had 
normal results on the physical examina- 
tion and routine laboratory tests. Diabetes 
Control and Complications Trial stan- 
dardized HbAic level was confirmed in 
patients during the screening visit. Per- 
centage of fat, fat mass, and fat-free mass 
were measured by dual-energy X-ray ab- 
sorptiometry (Hologic QDR-IOOO/W, 
Wilmington, MA). Patients taking oral an- 
tidiabetic drugs were asked to stop them 
at least 5 days before the procedures. All 
patients had fasting blood glucose levels 
below 8.2 mmol/L. 

The study was approved by the Paris 
Saint-Louis ethics committee, and each 
participant gave a v^rritten informed con- 
sent to participate. 

Metabolic assessments 

Insulin and glucagon secretions were eval- 
uated in response to oral glucose tolerance 
test (OGTT), intravenous glucose (glucose 
ramp), and combined intravenous glucose 
and argtnine. In addition, glucagon secre- 
tion was assessed in response to insulin 
during a euglycemic hyperinsulinemic 
clamp. 

OGTT. A 75-g OGTT was performed 
over 120 min during the screening visit 
after a 12-h overnight fast. Blood samples 
were collected from an antecubital vein 
before and 30 and 120 min after a 75-g 
oral glucose load for glucose, insulin, and 
glucagon determination. Normal glucose 
tolerance was confirmed in control sub- 
jects using the current American Diabetes 
Association criteria (15). 
Euglycemic clamp. A two-step euglycemic 
hyperinsulinemic clamp was performed 
within the week after the screening visit, as 
previously described (10). In brief, it con- 
sisted of a first step at 10 mU of insulin 
infusion per meter square body surface per 
minute for 100 min (low-dose insulin in- 
fusion) , followed by a primed 1 00-min step 
at 80 mU • m~^ • mtn"'^ insulin infusion 



(high-dose insulin infusion). Endogenous 
glucose production was also measured dur- 
ing the whole procedure using deuterated 
glucose. During the test, blood glucose was 
clamped at 5.5 mmol, thus variation in glu- 
cagon level was independent of glucose lev- 
els and reflected the effect of plasma 
insulin. 

Glucose ramp. The day after the clamp 
study, after a 12-h in-hospital overnight 
fast, the graded glucose infusion (glucose 
ramp) was performed. The test consisted 
of five consecutive 40-min intravenous 
infusion periods of 20% glucose at 2, 4, 6, 
8, and 10 mg/kg of body weight per min, as 
previously described (16,17). Arterialized 
blood samples were obtained —10 and 
0 min before, and every 10 min during 
the whole procedure (200 min). 
Arginine test. At the end of the glucose 
ramp, glucose infusion rate was in- 
creased, if needed, to obtain a plasma 
glucose level of 22 ± 2 mmolA.. Glucose 
infusion was then maintained at the same 
rate, and an intravenous bolus of arginine 
chlorhydrate (5 g) was administered in 45 s, 
with venous blood sample collection at 
baseline and 2, 3, 4, 5, 10, and 15 min 
after. This test was primarily aimed at 
evaluating the maximum (S-cell insulin 
secretory capacity, but glucagon levels 
were also measured. 

Analytic measures 

All assays were run in duplicate. Plasma 
insulin was measured using immunoradio- 
metric assays (BI-INSULIN IRMA, Cis Bio- 
International, Gif-Sur-Yvette, France) 
with a detection limit of 0.2 mU/L and an 
intra-assay and interassay coefficient of 
variation (CV) of less than 9.5%. C-peptide 
was measured by immunoradiometric 
assay (IRMA-C-PEP, CIS International) 



with intra-assay CV of 3.7-6.6% and inter- 
assay CV of 4.4-8.0%. Samples for gluca- 
gon assay were collected in aprotinin-EDTA 
tubes and were immediately centrifuged 
and stored at — 80°C until biochemical 
analysis. Plasma glucagon was measured 
by radioimmunoassay (Adaltis, Casalecchio 
Di Reno, Italy) with a detection limit of 
14.5 pg/mL, an intra-assay CV of 9.5%, 
and an interassay CV of 9% . Plasma glucose 
was measured by the hexokinase method 
(Roche Diagnostics GmbH, Mannheim, 
Germany). All other biochemical tests 
were done tising routine laboratory methods. 

Calculations 

OGTT-derived indices. The insulino- 
genic index (Ainsulino_3o/Aglucoseo_3o) 

was used to estimate early insulin secretion 
during OGTT. We proposed the product 
glucagon X glucose (10~^ pg • mmol • 
mL~^) to estimate the resistance to sup- 
pression of glucagon secretion by glucose 
(a-cell resistance index) at baseline and at 
120 min after glucose load during OGTT. 
Glucose ramp. Insulin secretion in re- 
sponse to glucose ramping was assessed 
from the changes in C-peptide concentra- 
tions and the prehepatic insulin secretion 
rate (ISR) . We derived the ISR by deconvolu- 
tion, assuming a two-compartmental model 
of C-peptide clearance kinetic using Insulin 
SECretion (ISEC) 3.4a software. Individual 
kinetic variables of C-peptide clearance 
were calculated from standard kinetic 
parameters, taking into account age, sex, 
body surface area, and glucose tolerance 
status (18). Mean insulin secretion rate 
for every time period was plotted against 
the corresponding mean glucose concentra- 
tion, thereby establishing a dose-response 
relationship between plasma glucose and 
the secretion rate for each participant. 



Table 1 — Clinical and biochemical characteristics of pariicipants 



Variable 


KPD 


Control subjects 


P 


n 


15 


15 






Sex 






>0.99 


Female 


2 


2 




Male 


13 


13 




BMI (kg/m^) 


26.6 ± 3.3 


25.5 ± 2.7 


0.34 


Fat mass percentage 


21.1 ± 4.6 


19.9 ± 7.0 


0.25 




Total 


4.9 ± 1.0 


5.5 ± 1.3 


0.21 


HDL ^^^^^^H 


^1 L4 ± 0.3 WtH 


■■■ 1.6 0.5 




LDL 


3.0 ± 1.0 


3.5 ± 1.1 


0.16 


Lriglycerides (mmoI/L) 


1.2 ± 0.7 


1.0 ± 0.5 


0.39 



Data are mean ± SD orn. 
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Table 2 — Metabolic characteristics and parameters of jS- and a-cell function 







Control 




Variable 


KPD 


subjects 


P 


n 


15 


15 




OGTT 


Fasting plasma glucose (mmol/L) 


6.4 ± 1.4 


4.7 ± 0.4 


<0.0001 


^^asting plasma glucagon (pg/mL) 


142.3 ± 58.3 ^ 


^^4.3 ± 33.8 ^ 




Fasting plasma insulin (|xU/mL) 


10.4 (4.0-15) 


5.3(2.5-8.1) 


0.062 


2-li plasma glucose (mmolA.) 


13.1 ± 3.0 


5.1 ± 1.3 


<0.0001 


2-h plasma glucagon (pg/mL) 


134.2 ± 25.2 


128.4 ± 35.3 


0.51 


Glucose ramp 


Fasting plasma 




Fasting plasma glucagon 








(pg/mL) 


115.7 ± 31.5 


108.9 ± 24.8 


0.50 


Glucose prearginine 








test (mmoVL) 


23.7 ± 2.3 


20 ± 3.3 


0.0016 


Insulin prearginine test (|xU/mL) 


37.1 (20.2-82.2) 


207.2 (123.9-292.6) 


0.0008 


Insulin AUC1.5 ((xU/mL) 


759 (481-1527) 


2,310 (1,799-2.998) 


<0.0001 


Insulin AUCm^ ([xU/mL) 


1,605(1,148-4,116) 


6,364 (5,339-8,914) 


<0.0001 


C-peptide prearginme test (jJLg/L) 


1.9 (1.0-3.1) 


4.4 (3.0-5.2) 


0.0064 


C-peptide AUCi_g (|xg/L • min) 


13.6 (10.1-24.6) 


29.2 (25.6-35.9) 


0.015 


C-peptide AUCi_i5 (iJi-g/L • mm) 


35.7 (28.5-72.0) 


81.4 (74.2-112.1) 


0.0066 


Glucagon prearginine test (pg/mL) 


91 ± 31.6 


73.2 ± 23.2 


0.18 


Glucagon AUCi_'5 (pg/mL • min) 


525 ± 154.6 


444.4 ± 115.2 


0.26 


Glucagon AUCms (pg/mL • min) 


1,384.6 ± 363.3 


1,275.7 ± 386.6 


0.50 


Acute glucagon response (pg/mL) 


24.3 (1.6-44.7) 


16.7 (5.3-30.7) 


0.76 


Total glucose disposal 








(mg-kg"^ -mm"^) 


7.3 ± 3.0 


10.3 ± 3.8 


0.022 


Fastmg plasma msulin (|xU/mL) 


8.0 (4.3-11.9) 


6.3 (4.2-9.0) 


0.54 


SSPIi ((xU/mL) 


16.4 (13.0-24.4) 


16.7(14.5-22.1) 


0.80 


SSPI2 ((xU/mL) 


177.5 (143.0-220.0) 


172.8 (145.3-207.2) 


0.91 


jll^sting plasma gluc|^^||i^gd^lH 


M 121.4 ±31.2 


115 ± 28.7 


0.68 


SSPGi (pg/mL) 


95.6 ± 24.8 


96.1 ± 25.6 


0.98 




Glucagon suppression during clamp 




High-dose insulin infusion (%) 


29.4 ± 19.7 


29.1 ± 15.0 


0.73 


Glucagon suppression/SSPI 


Low-dose insulin infusion (%) 


1.41 ± 1.39 


0.92 ± 0.77 


0.88 


High-dose insulin infusion (%) 


0.22 ± 0.22 


0.17 ± 0.08 


>0.99 



Data are mean ± SD or median (interquartile range) unless otherwise indicated. The 1 and 2 at SSPI and SSPG 
denote the last 20 min of the first and second steps of the glucose clamp, respectively. 



The dose-response effect of glucagon dur- 
ing tfie glucose ramp was estimated by 
comparing the slope of the glucagon levels 
as a function of the glucose levels. 
Arginine test. The incremental area un- 
der the cuwe (AUCi) of insulin and gluca- 
gon levels during the first 5 min (AUC1.5) 
or the whole 15 min (AUQ.is) of the argi- 
nine test was calculated using the trapezoi- 
dal rule (19). We also determined the acute 
insulin response (AIR) and glucagon re- 
sponses to arginine as the mean of the 
2-, 3-, 4-, and 5-min plasma level of each 



minus the basal (prearginine) plasma con- 
centration (20). 

Glucose clamp. Glucose utilization 
(M values, as previously published [10]) 
were calculated according to DeFronzo's 
method (21) and ser\'ed for the adjustment 
of insulin secretion values in the current 
study. Three blood samples were taken 
10-min apart during the last 20 min of 
the low-dose and high-dose insulin infu- 
sion steps of the glucose clamp, and the 
steady-state plasma insulin (SSPIi and 
SSPI2) and glucagon (SSPGi and SSPG2) 



concentrations were calculated as the 
average of the three values for each step. 
To assess insulin-mediated glucagon sup- 
pression, the percentage suppression of 
glucagon at low- and high-dose insulin in- 
fusions steps was calculated as [100 X 
(basal glucagon — SSPGi)/basal glucagon] , 
and [100 X (SSPGi - SSPG2)/SSPGi], re- 
spectively. Glucagon suppression was also 
divided by the SSPIs to adjust for plasma 
insulin levels. 

Statistical analysis 

Results are presented as percentage and 
mean ± SEM and other appropriate 
measures of central tendency and disper- 
sion. Statistical analysis was performed 
using SPSS 12.0 (SPSS Inc., Chicago, IL) 
and R 2.6.2 (The R Foundation for Statis- 
tical Computing, Vienna, Austria) soft- 
ware. We used the Fisher exact test to 
compare categoric variables and the 
nonparametric Mann-V\^itney U test or 
Wilcoxon rank sum test for quantitative 
variables. The product glucagon X glu- 
cose was compared between KPD patients 
and control subjects at baseline using 
ANOVA and at 120 min using ANCOVA 
adjusted for baseline values of the product 
and plasma insulin at 120 min. The rela- 
tionship between ISR or glucagon and 
glucose levels during glucose ramp was 
analyzed using mixed-model ANCOVA. 
Fixed effects in the model included 
BMl, a linear and a quadratic effect for 
glucose levels, a group effect (KPD vs. 
control), and their interactions. Random 
subject effects (intercept and slopes) were 
added to the models. In response to argi- 
nine, adjustment for prestimulus insulin 
and glucose levels was done. All tests were 
two-sided, and the level of significance 
was set at P < 0.05. 

RESULTS 

Participant characteristics 

Diabetes (KPD) duration was a median 24 
months (range 6-72 months). At inclu- 
sion, patients had been in insulin-free 
near-normoglycemic remission for a me- 
dian of 6 months (range 3-45 months). 
The mean ± SD HhAi^ level was 6.2% ± 
0.7%. Antidiabetic treatment before in- 
clusion in the study consisted of metfor- 
min in most patients, alone (n = 8) or 
combined with a sulfonylurea (n = 2). 
Two patients were being treated with 
diet alone, one was taking a sulfonylurea 
alone, one was taking a glinide, and one 
was taking acarbose. No patient had 
been taking a glitazone. There was no 
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significant between-group difference re- 
garding other clinical and biochemical pa- 
rameters, incltading BMI, percentage of fat 
mass, and lipid profile (Table 1). During 
OGTT, three patients had the profile of 
impaired glucose tolerance, and the others 
fulfilled the criteria of diabetes, despite 
fasting plasma glucose level ^7.0 mmol/L 
in 10 patients. 

Insulin and glucagon secretion 
during OGTT 

Early insulin secretion, as measured by 
insulinogenic index, was significantly 
lower inpatients (P< 0.001). Mean fast- 
ing and 2-h plasma glucose concentra- 
tions were both significantly higher in 
patients compared with control subjects 
(Table 2). 

Plasma glucagon levels were similar in 
patients and controls at fasting or 2 h after 
the glucose load (Table 2), despite higher 
glucose levels in patients. As a consequence, 
the product glucagon X glucose (Fig. 1) 
was higher in patients at baseline (P = 
0.03). The product was also significantly 
higher in patients at 120 min and remained 
so after adjustment for the baseline product 
and plasma 2-h insulin (P < 0.0001). 

ISR and glucagon suppression 
during intravenous glucose ramp 

In response to the glucose ramp, the 
relationship between insulin and glucose 
was not linear (Fig. 2A). ISR rose sharply 
with increasing blood glucose levels in 
both groups. However, the slope was 
sharper in control subjects than in pa- 
tients (P < 0.001), showing an impaired 
dose-response effect of glucose on p-cell 
in patients compared with control sub- 
jects. The maximum ISR reached with 
comparable blood glucose was as twice 
as low in patients than in control subjects. 

As glucose levels increased progres- 
sively during glucose ramp, plasma glu- 
cagon concentrations decreased in the 
two groups. The relationship between 
glucagon and glucose was not linear 
(Fig. IB). The global trend of the curves 
was significantly different between the two 
groups, even when taking into account the 
achieved plasma insulin concentrations 
(likelihood ratio test P = 0.04), showing a 
hyposuppressibility of glucagon by the in- 
creasing glucose levels in patients com- 
pared vvith control subjects. 

Insulin and glucagon secretion in 
response to arginine 

During arginine stimulation, insulin con- 
centrations increased in both groups during 



the first three assessments to reach a max- 
imum at 3 min (patients) or 4 min (control 
subjects) and declined thereafter (Fig. 2C). 
Patients had significantly lower insulin se- 
cretion, at least a 50% reduction compared 
with control subjects, whatever the param- 
eter used to measure it: insulin AUCs, 
C-peptide AUCs, or AIR (Table 2). 

Glucagon profile followed a similar 
pattern (Fig. 2D). Although the peak of 
plasma glucagon seemed higher in KPD 
patients than in control subjects, the dif- 
ference between the two curves was not 
significant (P = 0.074). Also, no signifi- 
cant difference was found in the incre- 
mental AUCs and the acute glucagon 
response between the two groups, even 
after adjustment for prestimulus insulin 
and glucose concentrations (Table 2). 

Glucagon suppression during 
euglycemic hyperinsulinemic clamp 

The mean fasting (FPI) and steady state 
plasma insulin (SSPIi and SSPI2) concen- 
trations were similar between the two 
groups (Table 2). Plasma glucagon de- 
clined significantly and similarly in the 
two groups from baseline (FPG clamp) 
to the end of the low-dose (SSPGi) and 
high-dose (SSPG2) steps. Glucagon levels, 
percent glucagon suppression, and per- 
cent glucagon suppression-to-SSPI ratio 
did not differ between patients and con- 
trol subjects (Table 2). 

CONCLUSIONS— The major findmgs 
of our study are that during protracted 
insulin-free near-normoglycemic remis- 
sion, patients with KPD have a reduced 
insulin secretory response to oral and 
intravenous glucose and a reduced glu- 
cose potentiation of arginine-induced in- 
sulin secretion compared with matched 
nondiabetic control subjects. In addition, 
we show that the glucagon level is higher 
at baseline in patients when taking into 
account blood glucose concentrations and 
is less suppressed by oral and intravenous 
glucose compared with control subjects. 

Previous studies have shown severe 
insulin secretory deficiency during the 
acute ketotic phase (4,7). This deficiency 
was characterized by a loss of acute- 
phase insulin secretion in response to 
intravenous glucose (4) or a decrease in 
C-peptide response to glucagon (4,7). 
They also showed that the clinical remis- 
sion phase paralleled a restoration in in- 
sulin secretion in response to the same 
stimuli, after achievement of good meta- 
bolic control, but remained lower than 
that in healthy controls (4,7,8). Almost 



all of those studies used C-peptide re- 
sponse to intravenous glucagon or insu- 
lin response to an intravenous glucose 
tolerance test as indicators. Here, we 
confirm those observations using the 
early insulin secretion in response to 
oral glucose. Furthermore, using an in- 
travenous glucose ramp, we show that at 
similar glucose levels, insulin secretion 
in KPD patients is lower (approximately 
half that of nondiabetic subjects) and 
progresses more slowly, indicating that 
KPD subjects display a defect in (3-cell 
sensitivity to glucose. 

In our study, we used a combined 
arginine and glucose stimulus as an 
indicator of the maximal insulin secre- 
tion capacity, as proposed earlier (22). 
We show that KPD is associated with a 
large decrease in the maximal ISR based 
on the AIR to arginine and also on the 
incremental AUG. Whether this defect 
is related to a decrease in (B-cell mass, 
as suggested in dogs (23) or in humans 
after islet autotransplantation (24) or 
after hemipancreatectomy (25), is still 
questioned. Recently, Umpierrez and col- 
leagues (26) investigated African Ameri- 
cans with newly diagnosed KPD soon 
after the occurrence of insulin-induced 
near-normoglycemia. They found a similar 
glucose potentiation of arginine-induced 
insulin secretion compared with nonke- 
totic type 2 diabetes and nondiabetic obese 
control subjects. Their findings support a 
functional insulin secretory defect rather 
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Figure 1 — Distribution of the product gluca- 
gon X glucose during OGTT at baseline and at 
120 min in KPD patients (gray) and control 
subjects (white). The horizontal line in the 
middle of each box indicates the median; the 
top and bottom borders of the box represent the 
first and third quartiles of the distribution; and 
the whiskers represent 1.5 times the inter- 
quartile range. *P = 0.03; tP < 0.0001 vs. 
control subjects. 
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Figure 2 — ISR (A) and glucagon secretion (B) during glucose ramp in KPD patients (continuous lines) and control subjects (dashed lines). 
Variations of insulin (C) and glucagon (D) levels in response to arginine in KPD patients (continuous lines) and control subjects (dashed lines). 
Thick dark lines are average model prediction; thin gray lines are 95% CI. 



than a reduced (3-cell mass at diabetes on- 
set. However, the maximtam glucose level 
at which they performed arginine stimu- 
lation was only modest (~9.6 mmol/L), 
whereas arginine stimulation in our study 
was at glucose levels of up to 24 mmol/L. 
Such levels have been reported to elicit 
maximal responsiveness to arginine (22) 
and might then give a better idea of (3-cell 
mass. Consequently, our results suggest 
that KPD is associated with reduced 
(3-cell mass in addition to decreased 
(3-cell sensitivity to glucose as in classical 
type 2 diabetes. 

We report that KPD is associated with 
basal hyperglucagonemia when taking 
into account glucose levels. To illustrate 
the inappropriate glucagon concentra- 
tion with respect to glucose levels, we 
proposed an index (glucagon X glucose) 
similar to the homeostasis model assess- 
ment concept, which is higher in KPD, 
suggesting exaggerated glucagon secre- 
tions. The altered glucagon suppression 
in response to glucose observed in our 
KPD patients has previously been shown 
in patients with type 1 or type 2 diabetes 



(27,28). Hyperglucagonemia is well rec- 
ognized as a metabolic feature of type 2 
diabetes, even in well-controlled sub- 
jects, (27) suggesting that it participates 
in the pathophysiology of the disease (re- 
view in 29,30). Hyperglucagonemia 
may result from the (3-cell dysfunction 
because insulin exerts a paracrine sup- 
pressive effect on a-cells (review in 
31). In 2002, Banerji et al. (32) also 
demonstrated decreased glucagon sup- 
pression in response to meal testing in 
type 2 diabetic children and adolescents, 
of whom 40% had had diabetic ketoaci- 
dosis at onset. Here, we observed no sig- 
nificant difference between KPD patients 
and control subjects regarding glucagon 
secretion in response to arginine. This 
contrasts with previous reports in type 2 di- 
abetes where significantly exaggerated gluca- 
gon secretion in response to arginine was 
described, whatever the glucose level at 
which the arginine test was performed 
(20,22 ,28). The very good metabolic control 
of our patients (mean HbAi;. at 6.2% and 
fasting plasma glucose levels at 6.2 mmol/L) 
may explain this discrepancy. 



Similarly to observations by Abdul- 
Ghani et al. (33) in well-controlled type 2 
diabetic patients, we do not find a differ- 
ence in glucagon suppression by insulin 
in KPD patients compared with control 
subjects. This suggests that islet a-cell 
response to insulin is preserved. 

The small number of subjects and the 
lack of a non-KPD type 2 diabetes control 
group should be acknowledged as poten- 
tial limitations. Although the patients 
were in good glycemic control, most 
remained with abnormal glucose toler- 
ance. Therefore, we are not able to discern 
whether the insulin secretory defect is 
a consequence of the glucose intolerance 
state at the time of the study or contributes 
to the onset of the disease. 

In conclusion, patients with KPD in 
protracted near-normoglycemic remission 
display a defect in (3- and a-cell sensitivity 
to glucose and a decrease in glucose poten- 
tiation of arginine-induced insulin secre- 
tion. Thus, our findings support the use 
of therapeutic agents targeting both (3- 
and a-cell dysfunctions in this form of 
diabetes. 
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